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Figure 5: Demagnetization ofNRM, ARM, IRM, and SIRM for A) core 690 and B) core 680. 
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The ChRM inclination in core 690 varies about the geocentric axial dipole (GAD) 

inclination at the latitude of the site through the majority of the core. The mean inclination 

in core 690 is 80.0°, corresponding to a GAD of 79.4°. Slightly lower inclination values, 

sorne varying from the GAD by > 10°, are recorded in the uppermost section of the core, 

from lOto 60 cm. In core 680 the inclination deviates strongly from the GAD in both the 

upper and lower sections of the core (from the surface to ::::; 125 cm, and from 300 cm to the 

bottom), possibly due to the same coring problems that caused the implosion of the deepest 

section. The overall me an inclination in core 680 is 44.5 °, while the GAD value at that 

location is 79.5°; directional data from the u-channel sections spanning 0 to 150 cm and 

300 to 400 cm were therefore excluded (Figure 7). Inclination approaches the expected 

range in the middle section of core 680, with an average value of 66.4°. However as this 

average value still varies from the GAD by > 10°, the middle interval should similarly be 

treated with sorne caution. 

Since the cores were not azimuthally oriented during sampling, ChRM declinations 

are relative. Declination values were therefore adjusted for rotation at section breaks and 

for circular values (e.g. 0 and 360°). The top of the records were aligned to 26.29° for core 

690 and 26.28° for core 680, the estimated declinations at those sites at the time of 

sampling as calculated from the International Geomagnetic Reference Field (IGRF) model 

(Figure 7). In core 680, an increase in declination of ~ 60° is observed over the last ;.::; 20 

cm of the first section (136 to 156 cm). Such ajump suggests possible deformation ofthe 

directional record. Indeed, this sharp increase in relative declination also corresponds to the 

rapid return to GAD values observed in the inclination record. MAD values can be used to 

assess the quality of the directional record, with values < 5° generally considered 

indicative of excellent data (Stoner and St-Onge, 2007). 
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4.3 Magnetic Mineralogy and Grain Size 

In bath cores MAD values do not exceed 3° in any section. Additionally, large 

variations in MDF and pseudo S-ratio values can be indicative of changes in magnetic 

mineralogy and grain size, respectively, that could adversely affect the paleomagnetic 

record. In both cores, MDF and pseudo S-ratio values are approximatel y constant 

downcore, suggesting uniform magnetic mineralogy and grain size (Figure 7). These rock­

magnetic data support high-quality records of geomagnetic origin in both cores, including 

over intervals where the incl ination deviates from the expected GAD values . Pseudo S­

ratio values (IRM lOmT/SIRM lOmT) are consistently close to 1 in both cores (Figure 7), with 

values of 0.94 for both cores 690 and 680, indicating that the bulk of the magnetic 

assemblage in the sediment is saturated 111 an applied field of 0.3 T, and is thus 

characterized primarily by low-coercivity minerais such as magnetite. The hysteresis 

parameters Mr/Ms and He/He, visualized in a Day plot (Figure 8), similarly demonstrate 

that magnetic grains in both cores are uniform in size downcore and lie within the pseudo­

single do main (PSD) range, corresponding to a grain size of ;:::; 1 to 15 ~m for magnetite 

(Day et al. , 1977; King et al. , 1983; Tauxe, 1993; Dunlop, 2002). Furthermore, the shape 

of magnetic hysteresis curves also suggests a magnetic assemblage dominated by low­

coercivity, ferrimagnetic mineraIs such as magnetite (Figure 9) (Tau xe et al. , 1996). Aiso 

typical of magnetite and titanomagnetite, ail samples reach saturation in an applieu field of 

;:::; 0.2 T and yield Mr/ Ms ratios between 0.1 and 0.3 (Day et al. , 1977; Tauxe, 1993). 
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Finally, average MDF values of31.21 mT in core 690 and 33.14 mT in core 680 are 

111 agreement with the strong magnetite presence indicated by rock-magnetic data. For 

magnetic assemblages dominated by magnetite, MDF can also be regarded as a magnetic 

grain size indicator; in this case the uniformity of values downcore (Figure 7) reflects 

uniform magnetic grain sizes in both cores (Dankers, 1981). This mineralogy dominated 

by pseudo-single domain magnetite is similar to that observed in previous study from the 

area by Barletta et al. (2008). 

4.4 Environmental Magnetism 

The bulk magnetic properties of sediment are heavily dependent upon lithologie 

factors , including magnetic mineralogy, grain size, and concentration. The concentration of 

magnetic minerais supplied to the sediment strongly influences the intensity ofnatural and 

laboratory-induced remanences, and is particularly reflected by magnetic susceptibility. 

Therefore kLF offers a means of assessing whether large variations in concentration may 

compromise the quality of the relative paleointensity (RPr) record ; kLF values varying by a 

factor greater than 10 are commonly considered suspect (Tauxe, 1993). In both cores 

variations in h F fall below a factor of 10, though smaller-scale variations, likely reflective 

of environ mental processes, are observed (Figure 10). Additionally, with the mineralogy of 

remanence-carriers established as dominantly magnetite and the grain size determined to 

be relatively constant downcore (see section 4.3), NRM, ARM, lRM, SIRM, and kLF can 

be regarded as primarily concentration dependent. However, the SIRMomTlkLF and kARMlkLF 

ratios could nevertheless reveal sorne fine variations in grain size (King et al. , 1982; 

Thompson et al. , 1986), in this case potentially connoting that periods of finer magnetic 

grains correspond to periods of lower concentrations of magnetic minerai s (Figure 10) . 

SIRMomTlkLF is more specifically sensitive to larger grains, and kARMlkLF to smaller on es 

(see section 3.4), thlls the close similarity between these two ratios throughout the length 

of both cores cOllld indicate a uniform distribution of intermediately-sized magnetic grains 

(Figure 10). 
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In core 690, a c\ear similarity can be discerned between the NRM, ARM, IRM, 

SIRM, MDF, and kLF curves, illustrating the concentration and grain size dependencies of 

the paleomagnetic signa!. These relationships are also visible in core 680; comparison to 

the kLF record is more difficult due to the quality of that data (see section 2.2), although 

several corresponding peaks and troughs can nonetheless be discerned . The parallels 

between the NRM records and their three corresponding laboratory-induced 

magnetizations suggest that a RPr proxy may indeed be reliably normalized , and thereby 

isolated from the effects of changes in magnetic grain size and concentration. Conversely, 

such variations in magnetic properties, especially in concentration, can often reveal 

important environmental controls on sediment supply. Both the average values and 

magnitude of variations in kLF are greater in core 680 than in core 690, suggesting that 

larger magnetic grains or a higher, more variable concentration of magnetic minerai s may 

be present at the more distal site (Figure 10). Tt is also interesting to note that variations in 

the kLF records appear to be quasi-periodic; this is particularly evident in core 690, with 

potential cyc\ical variations visible throughout most of the core. Several of these peaks can 

be visually correlated to less prominent ones in core 680, particularly in the higher-quality 

middle section (Figure 10). Such features are strongly reminiscent of potential c\imatic 

controls on deposition. 

5. Discussion 

5. J Age Model 

The age models of both cores were based on the radiocarbon ages obtained. In core 

690, ail available ages were used in the construction of the radiocarbon-based age model 

except for two shells. The exc\uded samples were bivalve fragments found at 189.5 cm and 

276 cm that yielded ages outside of the margin of error of the overall age mode!. Their 

original presence at these depths would imply unlikely inversions in the sedimentation rate, 

thus they are considered to be too old , having most likely been remobili zed . The three 

foraminifera samples from core 680 were excluded from its age model , since they were 



composed of an unknown mix of benthic and planktonic species and yielded older apparent 

ages. 

For core 690, three linear fits were used to construct the age model , the uppermost 

one comprising the surface of the core and the first radiocarbon date (at 14 cm), the lower 

one comprising ail of the remaining selected dates, and the middle one joining them 

(Figure Il). This model results in an overall average sedimentation rate of 170 cm/ka, or 

an average rate of 246 cm/ka up to 25 cm (corresponding to the period from 2096 to 709 

cal BP), followed by a rate of 33 cm/ka for the more recent segment (corresponding to the 

period from 709 cal BP to present). For core 680, a 4th order polynomial fit was applied to 

the entire set of bivalve dates (Figure Il). Here the average sedimentation rate is 192 

cm/ka over the period from 2037 cal BP to present, though the youngest radiocarbon date 

and the polynomial fit also allow for a potentially lower sedimentation rate in recent years, 

as is observed to a greater degree in core 690. 
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Overall , these rates are comparable to others that have been measured in the Western 

Arctic over the same time period. Using magnetostratigraphy and radiocarbon ages, Lisé­

Pronovost et al. (2009) determined an average sedimentation rate of ;:::: 120 cm/ka on the 

Alaskan continental slope in the Chukchi Sea. Barletta et al. (2008) calculated a rate of ;:::: 

140 cm/ka on the western Mackenzie Shelf, close to the Mackenzie Trough, using seve rai 

radiocarbon dates. Bringué and Rochon (2012) focused on the more recent part of the 

record, taking 2 10Pb measurements from the box core accompanying this study and again 

obtaining a sedimentation rate of ;:::: 140 cm/ka. Finally, Durantou et al., 2012 conducted 

2 10Pb and l37Cs analyses of the box core accompanying core 680 of this study and 

determined much higher rates, ranging from ;:::: 220 to 330 cm/ka. Although slower rates, 

more similar to that suggested here by the uppermost part of the core 690 age model, are 

observed at certain localities in the Western Arctic (e.g., Lisé-Pronovost et al., 2009; 

Barletta et al., 201 Oa), there is little else to support such a drastic reduction in 

sedimentation in the Mackenzie Trough itself over the past several hundred years. To the 

contrary, the radiocarbon age model established here for core 680 and the box core model 

developed by Durantou et al. (2012) both suggest that high rates of sediment accumulation 

may have been maintained through the recent part of the record. This calls into question 

the accuracy of the radiocarbon age model for core 690, particularly the dates obtained for 

the uppermost two CASQ core shells. 

5.2 Paleomagnetic Secular Variations 

In young, high-resolution paleomagnetic records, which do not encompass 

geomagnetic field excursions and reversais, paleomagnetic secular variations offer the 

primary means of investigating local geomagnetic field behavior and correlating between 

other records on regional scales. Here, the lack of physical signs of sediment deformation , 

the low MAD values, and the proxim ity of inclination measurements to the estimated GAD 

(for the majority of core 690 and the middle section of core 680) ail suggest that a 

paleomagnetic secular variation (PSV) signal was reliably recorded and accurately 

measured. Comparison with geomagnetic field models and other nearby cores of similar 

resolution serves as a final means of assessing the quality of the directional record. 

Correlation of PSV records is achieved through both inclination (Figure 12) and relative 



declination (Figure 13) between core 690, the middle section of core 680, the CALS3K.4 

geomagnetic field model (Korte and Constable, 2011), and several other records from the 

Western Arctic and high-Iatitude North America. The other records used are core 2004-

804-803PC (803PC) from the Beaufort Sea, core HYL050 1-05JPC (5JPC) from the 

Chukchi Sea (Barletta et al. , 2008), core HYL050 1-06JPC (6JPC) from the Chukchi Sea 

(Lisé-Pronovost et al. , 2009), core 2005 -804-006PC (006PC) from the Northwest Passage 

(Ledu et al. , 2010), and a Mara Lake core from British Columbia, Canada (Turner, 1987). 

Lisé-Pronovost et al. (2009) proposed a correlation of the Chukchi Sea cores 5JPC and 

6JPC, the Beaufort Sea core 803PC, and the Mara Lake core with PSVL, a compilation of 

PSV measurements from Western U.S. lava flows (Hagstrum and Champion, 2002) . This 

tie-point appears to be consistent with the 1-3 feature marked in the inclination record, 

which, in linking the records to one unaffected by reservoir effects, offers strong support of 

the two radiocarbon-based age models. 

Three or four high-frequency PSV features can be tentatively correlated in 

inclination records between core 690 and the quality, middle section of core 680. The most 

prominent of these, here labeled 1-1 , appears to be paralleled in the relative declination 

record (D-l ) (F igures 12 and 13). These features are potentially recorded in other records, 

namely core 803PC. In addition, sorne longer-term trends in inclination and declination 

may correlate with the CALS3K.4 model calculations at the site of core 690, particularly a 

5° to 10° increase in inclination values observed near the base of core 690 (1-3). This 

feature, along with what may be a matching one in the declination record , may also be 

correlated with the PSVL tie point established by Lisé-Pronovost et al. (2009) among cores 

6JPC, 5JPC, 803PC and the Mara Lake core. In regarding the uppermost ;:::; 700 yrs, the 

directional features of core 690 appear to be miss ing or di storted compared to the other 

records. This is likely the result of the stark reduction in apparent sedimentation rates 

dictated by the radiocarbon age model , and calls further into question the validity of the 

upper part of the model. Whether these longer-term features were also recorded in core 680 

is difficult to judge due to the very limited span of time over which the PSV record was 

deemed reliable. Nonetheless, overall agreement between core 690, the middle section of 

core 680, and the other Western Arctic records confirm that these cores have likely 

accurately recorded regionally-coherent PSV features. 
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Figure 13: Relative declination of core 690 and core 680 shown with the CALS3k.4 geomagnetic field 

model output at station 690, as weil as cores SJPC and 6JPC from the Chukchi Sea, core 803PC from the 

Beaufort Sea, core 006PC from the Northwest Passage, a core from Mara Lake in British Columbia, and the 

Western U.S. PSVL record. 
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5.3 Relative Paleointensity 

Selected sections of both cores meet the established criteria for the determination of 

reliable PSV and relative paleointensity (RPI) records (e.g. King et al., 1983; Tauxe, 1993; 

Stoner and St-Onge, 2007). These criteria are: 1) a strong, stable, and single-component 

ChRM (see section 3.2, Figures 5 and 6); 2) MAD values below 5° and ChRM inclinations 

which vary about the GAD inclination of the site (see section 3.2, Figure 7); 3) a magnetic 

remanence carrier dominated by PSD magnetite (see section 3.3, Figures 7, 8 and 9); 4) a 

concentration of magnetic minerais that varies by less than a factor of 10 (see section 3.4, 

Figure 10). A quality sedimentary NRM record can be used to produce a proxy ofRPI; it 

reflects changes in the concentration of magnetic grains present in addition to the intensity 

of the geomagnetic field, and must therefore be normalized by another magnetic parameter 

in order to isolate the desired information (e.g. , Tauxe, 1993). Concentration-dependent 

parameters commonly used as normalizers include ARM, IRM, and SIRM (e.g. , Tauxe, 

1993; Valet, 2003 ; Stoner and St-Onge, 2007). The use of kLF is not generally 

recommended, since it can be highly dependent on magnetic mineralogy and grain size in 

addition to the concentration of magnetic minerais. RPI proxies were constructed by two 

different procedures: the average ratio method and the slope method. In the commonly 

used average ratio method, the NRM measured at ail demagnetization steps within the 

characteristic range (20-60 mT) is averageù anù ùiviùeù by the normalizer, averaged over 

the same range. In the slope method, also known as the pseudo-Thellier method, the slope 

of the NRM versus the normalizer is taken over the same range of demagnetization steps 

(Tau xe et al., 1995; Channell et al., 2002). No significant difference to the data was 

achieved by using the slope method, while coherence tests (see below) revealed similar to 

slightly better success using the ratio method. The results presented hereafter are those 

ca\culated using the ratio method. 

In Figure 10, the ARM, IRM, and SIRM, averaged over the characteristic range (20 

to 60 mT), show similar features and variations for the greater part of both cores, 

suggesting that ail three magnetizations activate the same assemblage of magnetic 

minerai s. Various tests can be conducted to more precisely identify the most appropriate 

normalization parameter, or the one carried by the most similar assemblage as the NRM. 



Comparing the demagnetization curves of the NRM, ARM, IRM, and SIRM at 

various intervals in each core offers one method of determining wh ether similar magnetic 

assemblages are responsible for carrying the different magnetizations. In both cores the 

demagnetization of ARM appears to behave relatively similarly to that of the NRM over 

the majority of steps. However in core 690 the SIRM curve more closely approaches the 

NRM curve over the characteristic range, which is effectively 30-50 mT in the case of 

SIRM (Figure 14A). In core 680 ARM remains the closest parameter throughout the 

demagnetization procedure (Figure 14B). This appears to be the case in both the middle 

section and the sections which recorded unreliable inclinations. 

A) 

0.8 

Depth = 5 cm . 0.6 
Ë 

:E 
:ii 

004 

0.2 

O+---.--.---+~-r--+---.--'---' 
o 10 20 30 40 50 60 70 80 

Applied Field (ml) 

0.8 

Depth = 250 cm . 0.6 
Ë 

:E 
:ii 

004 

'" \ ", \ 

"'""~,, : 
" " ~ 

. ~ , 
l" ., 
, . .... . 

0.2 

O+---'--'---+---r--+---'--'~-' 
a 10 20 30 40 50 60 70 80 

Applied Field (ml) 

8 ) 

\, ,'.. 
\'., 

0.8 ~., 

" \, 
"'.\ 

0. 6 \ \ 

0.4 

0.2 

--NRM 
- -ARM 
---IRM 
~-SIRM 

Depth = 0 cm 

O+---'-~~-T---r--.-~~-''--' 
a 1 a 20 30 40 50 60 70 80 

Applied Field (ml) 

0.8 

Depth = 250 cm 
0.6 

0.4 

0.2 

0+---.--4---,---r--.---~-,--_. 
o 10 20 30 40 50 60 70 80 

Applied Field (ml) 

Figure 14: Demagnetization curves showing magneti zation normalized by maximum magnetization for 

NRM, ARM, lRM, and SfRM versus the appli ed field . 



70 

A) 96 yrs 

0.8 

/1) 

g 0.6 

- - NRM/ARM v. ARM . 
--NRM/IRM vs IRM 
-NRMISIRM vs SIRM 

1 \ 

l , 
1 

~ r+r----+-4--~~-hr_~r----r_--~~· 
/1) 

.s::. 
8 0.4 

0.2 

O+---------r--------.--------~--------~ 

As a means of further 

verifying the ideal normalizer, 

coherence tests, using a method 

of cross-spectral analysis 

previously proposed by Tauxe 

and Wu (1990), were carried out 

usmg the Analyseries software 

o 0.005 0.01 0.015 0.02 (Paillard et al. , 1996) in order to 
Frequency (yr-l ) 

B) 1 
--NRM/ARM vs ARM 
- - NRMIIRM vs IRM 
--NRMISIRM " SIRM 

0.8 

/1) 

g 0.6 
~ ~---+----------------------~~--~~­
/1) 

.s::. 
o 
U 

C) 0.9 

0.7 

~ 0.6 

0.005 0.01 

Frequency (yr-1) 

0.015 0.02 

-NRM/ARMvs ARM 
- - NRMIIRM vs IRM 
--NRMlSIRM vs SIRM 

; r---~~--------------~~~----~~~ t 0.5 / 
.r:. 
o 
U 0.4 

0.3 

0.2 

0.1 +-. ---------.,----------,----------... , -------~, 
o 0.005 0.01 0.015 0.02 

Frequency (yr- l ) 

determine the level of coherence 

between each RPI proxy and its 
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the 95% confidence interval over 
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interval (Figure 15B). The results 



are also favorable when only the middle section of the core (for which the measured 

inclination values agree with the GAD) is tested; here coherence is weakly demonstrated at 

frequencies of 0.0140 and 0.0195 yrs· 1 (corresponding to periods of approximately 71 and 

51 yrs) (Figure I5C). Based on these analyses, and supported by the demagnetizations 

curves, NRM/SIRM was determined to be the most appropriate RPI proxy for core 690, 

and NRM/ ARM for the middle section of core 680. 

P·3 
PA 

0.8 
0 
0.. 0.6 M_ 
00.. 
~Er 

0.4 ... 
0 
0 

0.2 
/ 

0 

13 

12 

"" 11 
':':::E 
""0 10 (1)< P·l -1> 
~ 9 

., 
7 ' 

0.8 

0 
0.6 0') "'-Q)o.. 

... Er 
0 0.4 
0 

0.2 

0 
0 500 1000 1500 2000 2500 

Age (caf BP) 
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Once established, the two RPI records were compared with one another and found to 

bear several high-frequency similarities throughout the length of the record, the most 

prominent ofwhich are labeled P-l , P-2, P-3 and P-4 (Figure 16). lt is likely that the first 

peak does not appear so vividly in core 690 because of the uppermost segment of its age 

model. To place the records in the appropriate regional magnetostratigraphic context, they 

were then compared with several other records in the Western Arctic, as weil as the 

CALS3K.4 geomagnetic field model (Korte and Constable, 2011). Of the directional 

records used for comparison in the previous section, RPI records were also avai lable for 

core 2004-804-803 from the Beaufort Sea, and cores HYL-050 1-05JPC and HYL-050 1-

06JPC from the Chukchi Sea (Barletta et al., 2008). Several of the same features identified 

in common between core 690 and core 680 potentially appear in the other records, and it is 

perhaps possible to link the P-4 feature in ail the records. Furthermore, the longer-term 

trends observed in the two cores mirror the results of the CALS3K.4 model closely, lending 

support to the quality of the RPI recorded in both (Figure 16). 

5.4 Geomagnetic Field Behavior 

High-Iatitude paleomagnetic records are also of great fundamental interest to 

geomagnetic field stlldies, as weil as inspections on geodynamo workings. Though there 

are an insllffic ient number of such records available for study, existing ones have begun to 

allow the comparison of High Arctic, Low Arctic, and mid-latitude geomagnetic field 

characteristics. There is evidence to suggest that the geomagnetic fi e ld may behave 

uniquely in the High Arctic, which falls weil within the hypothesized bounds of the tangent 

cylinder, while Low Arctic and mid-latitude records appear to correlate (e.g., Barletta et al. , 

2008 ; Bensonen et al. , 2008; Cook et al. , 2008; Francus et al. , 2008; St-Onge and Stoner et 

a l. , 2011). The latitude of cores 690 and 680 is particularly interesting, as it is very near the 

proposed location of the tangent cylinder limits (;:::; 69.5° N). PSV features in both cores can 

indeed be tentatively linked to features in lower latitude records su ch as Mara Lake and 

PSVL, as shown in Figures 12 and 13 , and mayas weil bear similarities to some 

continental U.S . lacustrine records not shown here (e.g., Lund and Banerj ee, 1985; Verosub 



et al., 1986). This is consistent with the findings of previous studies from the region (e.g. , 

Barletta et aL , 2008; Lisé-Pronovost et aL, 2009) . Conversely, these broader features do not 

correlate with High Arctic records, namely from Murray and Sawtooth Lakes on E llesmere 

Island, Nunavut (Besonen et al., 2008; Cook et al. , 2008). In addition to contributing 

information regarding the spatial influence of the tangent cylinder, this further supports the 

possibility of using reliably dated, mid-latitude paleomagnetic records to strengthen 

magnetostratigraphy-based chronologies of Arctic studies. 

More high-resolution paleomagnetic studies are also needed in order to investigate 

uniquely mid- to high-latitude geomagnetic field dynamics, including the behavior of flu x 

lobes and, possibly related , the rapid migration of the North Magnetic Pole and concurrent 

decline in field intensity observed over the past :::::; 100 yrs (Olsen and Mandea, 2007) . The 

long directional record obtained from core 690 exhibits several large changes in relative 

declination , suggesting that the recent migration of the North Magnetic Pole, though an 

extraordinary feature in historical records, may not be atypical in a longer context (Figure 

13). This is consistent with the inference of other past migrations from virtual geomagnetic 

pole (VGP) reconstructions, such as one from the Fram Strait toward North America 

occurring over :::::; 50 yrs in the 15th century (St-Onge and Stoner, 2011). 

5.5 Mackenzie Shelf Environmental Setting 

The physical and magnetic properties of the two cores are largely homogeneous and 

exhibit no distinctive trends or rapid changes, and thus it appears that the two cores faIl 

within one major lithologic unit. This surface unit, characteristic of postglacial shelf 

deposits (see section 3.1), most likely comprises sediment eroded from the North American 

continent by the Mackenzie River. These fine-grained, continental sediments are generally 

rich in quality magnetic recorders such as magnetite and titanomagnetite, and commonly 

occur in deposits on Arctic shelves (Bischof and Darby, 1997, 1999; Darby, 2003 ; Darby 

and Bischof, 2004; Stoner and St-Onge, 2007). Here, magnetite is indeed demonstrated to 

be the primary remanence carrier in both cores (see section 3.3). Magnetic grain size varies 
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little downcore and is comparable between the two cores, based on uniform MDF values 

and similar magnetic hysteresis parameters (Figures 7, 8, and 9). 

Both mean physical grain size (Figure 3) and magnetic grain size (Figures 7 and 9) 

are marginally larger in core 680 th an in core 690. This is unexpected since core 690 is ;::::; 

17 km closer to the mouth of the river, and suggests that other circulation patterns may be 

active in transporting larger grained sediments in or across the Mackenzie Trough. One 

possibility is the extension of the eastward-flowing Beaufort Undercurrent, proposed by 

Aagaard (1984) and Hill et al. (1991). This bottom current begins to play a stronger role 

relative to that of the Mackenzie river outflow at depths > 60 m, thus over a regime that 

encompasses the core 680 site but not the core 690 site. Site 680 is also in more direct 

alignment with two other potential sediment sources: coastal erosion from Herschel Island 

via eastward wind and surface currents, and fluvial transport from the Babbage River 

(Figure 1). Any of these factors could impose a contributing control on deposition, most 

likely acting to a greater degree at site 680 than at site 690, and thereby reducing the 

relative influence of the Mackenzie River itself. This could potentially explain not only the 

larger overall grain size in core 680, but also the higher degree of sorting and more erratic 

variations in granulometry and magnetic susceptibility downcore (Figures 3 and 10). 

5.6 Late Holocene Environmental Changes 

When regarded on their independent age scales, possible stratigraphic correlation 

between the two sites is observed in the k LF records (and kARM/ kLF ratios) (Figure 17). The 

major peaks in the kLF record of core 690 appear to be matched by peaks in core 680, 

though in core 680 these features are less prominent either due to the greater degree of 

natural variation in grain size or the quality of the magnetic susceptibility record. Once 

again, the uppermost feature in core 690 appears to be dilated due to its age model. 

In order to further assess the possibility of periodic or quasi-periodic changes 111 

concentration, and thus sediment supply, wavelet analysis was conducted on kLF and other 

magnetic parameters in both cores using MATLAB. Wavelet analysis revealed little from 



NRM, ARM, and IRM records, but for kLF a strong signal was exhibited at a period of ;::::: 

200 yrs throughout the length of core 690 (figure 18). A higher frequency also appears in 

core 690, with a period of ;::::: 95-115 yrs. The ;::::: 200 yr periodicity is also registered in core 

680, though with a significantly weaker signal than in core 690 (Figure 19). The higher 

frequency features observed in core 690 do not appear in core 680; one weak peak is 

recorded at a period of ;::::: 70 yrs, but it is largely diminished by a low degree of smoothing 

(sf= 3). This signal only appears in the record between about 740 and 1740 cal BP. 
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Figure 17: NRM, MDF, k LF, and k ARM/kLF versus age for A) core 690 and B) core 680. Corresponding bands 

ofhigher magnetic susceptibility between the two cores are suggested by shaded intervals. 

Cross-wavelet coherence tests of both smoothed and unsmoothed data confirm that 

the same major features are indeed recorded at both sites (Figure 20). The ;::::: 200 yr period 

exhibits strong coherence between the two cores, gaining power relative to other signaIs 

wh en smoothed datasets are used. A weaker coherence in the ;::::: 100 yr signal is also 

measured, despite being difficult to independently identify in core 680 (probably due to 

masking by the more prominent signaIs). The high frequency (;::::: 70 yr period) feature 

observed in core 680 is not seen in coherence tests , confirming that it was not recorded, or 

only very weakly recorded , in core 690. 
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The 200 yr feature observed in both records is potentially related to a 200 yr solar 

cycle known as the Suess (or de Vries) cycle (Damon and Sonnett, 1991). A model 

developed by Shindell et al. (2001) suggests that decreases in solar irradiance could trigger 

surface climate changes similar to those observed during the low index/negative phase of 

the Arctic Oscillation (AO) and North Atlantic Oscillation (NAO), demonstrating this 

specifically for the example of the ;:::; 0.25% decrease in solar activity during the Maunder 

Minimum . By the same principle, it is possible that the ;:::; 100 yr period observed in both 

cores could be a reflection of the Geissberg Cycle, an 88 yr amplitude modulation of the Il 

yr Schwabe Cycle in solar activity (Sonnett and Finney, 1990). Solar activity could 

indirectly affect the AO and NAO either by controlling atmospheric circulation patterns, or 

by influencing North Atlantic Deep Water (NADW) formation through its controls on sea 

ice (Haigh, 1996; Shindell et al. , 1999; Bond et al. , 2001). Simulations conducted by 

Shindell et al. (2001) have shown that the reduction of solar irradiance led to dryer 

conditions in the Western Arctic through the resultant effects on the AO/NAO, while 

Schiller et al. (1997) demonstrated that a reduction in NADW formation would be similarly 

manifested in the water vapor budget of the North Pacific. In either case, the se claims 

concerning atmospheric moisture supply are supported by Alaskan proxy records (Bond et 

al., 2001 ; Hu et al., 2003), as weIl as by box core proxy data from the site of core 680, in 

which freshwater palynomorph fluxes increased during the positive phase of the AO 

beginning around AD 1970 (Durantou et al., 2012). Dryer conditions would likely result in 

reduced precipitation in the Mackenzie River watershed, and thus reduced runoff. 

Decreases in both the contribution and size of sediments due to continental runoff can be 

expected to register in the sedimentary record as periods of relatively low magnetic 

susceptibility, or relatively high SlRMomT/kLF and kARM/kLF values, respectively (e.g. , Liu et 

al. , 2012) . 

Higher frequency decadal to multi-decadal variations in magnetic susceptibility, su ch 

as the ;:::; 70 yr feature transiently observed in the core 680 record, could also be occurring 

due to the influence of the Pacific Decadal Oscillation (PDO). Also at play as a modulating 

influence may be the El Nifio Southern Oscillation (ENSO), which has been linked to the 
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POO through modeling studies, observational data, and various proxy records (Alexander 

et al. , 2002; Newman et al. , 2003; Vimont, 2005; Di Lorenzo et al., 2010; as cited in 

Steinman et al. , 2012). The POO has been proposed as a one of the most prominent 

regional controls on c1imate in the Western Arctic; it notably affects the Aleutian Low, 

which in turn governs both precipitation to the Mackenzie River watershed and the 

advection of Pacific waters through the Bering Strait (Zhao et al. , 2006; Cassano and 

Cassano, 2010; Danielson et al. , 20 Il). Indeed , the aforementioned young proxy records 

developed by Durantou et al. (2012) from the box core sampled at site 680 also reflect the 

strong influence of the POO in this area, which modulates the advection of relatively warm, 

saline Pacific waters into the Arctic Ocean and eastward over the Beaufort Shelf. 

Furthermore, Burn (2008) has successfully modeled a link between the POO and the timing 

of variations in runoff in the Mackenzie River watershed. The 20-30 yr cycles of the POO 

cannot however explain the longer-term periodic features observed in the records of this 

study. Nevertheless, the POO has also been shown to co-vary with the AO (Hetzinger, 

2011), while a teleconnection has been demonstrated between the AO and other Canadian 

watersheds, such as those of the Hudson Bay (Déry and Wood, 2004), making this another 

mechanism by which solar variability could influence the hydrology of the western North 

American continent. The fact that this multi-decadal feature does not appear to be recorded 

in core 690 raises questions, particularly concerning differing degrees of fluvial and marine 

influence on sedimentation at the two sites, though the dubious age model over the upper 

segment of core 690 is also a likely contributor to the loss of higher frequency signais. 

These conjectures are supported by the comparison of the magnetic susceptibility 

records with various proxy reconstructions representing POO dynamics during the 

Holocene (F igure 21). Peaks in magnetic susceptibility are shown to correlate with peaks in 

two (5180 records from the U.S. Southwest, obtained from speleothems in New Mexico and 

alpine lakes in Colorado (Asmerom et al. , 2007; Anderson, 2012). In these records, (5
180 

maxima are interpreted to reflect periods of decreased precipitation in the region, 

corresponding to increased solar activity and enhanced PDOIENSO dynamics (Asmerom et 



al., 2007; Anderson, 2012). In the nOl1hwestern U.S. and southwestern Canada, the same 

PDO phase results instead in increased precipitation, reflected by a Washington 

reconstruction based on lake sediment 8180 and 8 13C records (Steinman et al., 2012). 
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6. Conclusions 

Full-vector paleomagnetic records were successfully developed for core 690 and part 

of core 680 representing the Late Holocene in the Beaufort Sea. A relatively large number 

of shells sampled from each core allowed for the establishment of two rad iocarbon age 

models, which were verified using the full -vector paleomagnetic correlation of both cores 

with the CALS3K.4 geomagnetic field mode] and several other regional paleomagnetic 

records. The high sedimentation rates of the Mackenzie River Trough permit an 

exceptionally high-resolution paleomagnetic and paleoclimatic record by Arctic standards. 

Granu lometric properties demonstrate a mild difference in depositional regimes between 

the two cores despite their proximity to one another, suggesting that at greater distances 

from the Mackenzie River ocean and surface currents, as weil as other potential sed iment 

sources in the vicinity, also contribute to sedimentation. ln addition, quasi-periodic 

variations in-phase with known so lar cycles (such as the Suess and Geissberg) were 

observed particularly in the magnetic susceptibility records of bath cores, and suggest a 

possible linkage between so lar activity and atmospheric oscillations su ch as the Arctic and 

North Atlantic Oscillations, and , most notably, the Pacific Decadal Oscillation, wh ich may 

modulate the hydrologie budget of the Mackenzie River. 



7. Acknowledgements 

We extend great thanks to ArcticNet and the captain, officers, crew and scientists 

aboard the CCGS Amundsen during the Malina Arctic expedition of 2009. We are also 

grateful to Jacques Labrie (lSMER) for his help with laboratory work and wavelet anal ysis, 

and to Guillaume Massé (Takuvik) for sharing four radiocarbon dates. This study was 

supported by the Natural Sciences and Engineering Research Council of Canada through 

Discovery and Northern Supplement grants to G.S. and A.R. , and by a scholarship from the 

GEOTOP research center to E.B. Finally, we thank Canada Economic Development for 

Quebec Regions for the purchase of the CASQ corer, and the Canadian Foundation for 

Innovation for financial support in the acquisition and operation of the cryogenic 

magnetometer. 



84 



CONCLUSION 

Les carottes 690 et 680 présentent deux nouveaux enregistrements paléomagnétiques 

de l'Holocène récent dans l'ouest de l'Arctique. Chaque enregistrement a une chronologie 

basée sur plusieurs dates au radiocarbone et soutenue par la corrélation temporelle complète 

du vecteur paléomagnétique (inclinaison, déclinaison et intensité), établie pour toute la 

longueur de la carotte 690 et la partie intermédiaire de la carotte 680, avec d'autres 

enregistrements de l'Arctique ainsi qu'avec le modèle géomagnétique CALS3K.4 (Korte et 

aL, 20 Il). De plus, les similarités entre ces archives et d'autres enregistrements provenant 

des moyennes latitudes, ainsi que les différences avec les enregistrements du haut Arctique, 

permettent de spéculer sur l'influence du cylindre tangent qui devrait influencer certaines 

caractéristiques du champ uniquement dans le haut Arctique. 

En plus de l'étude paléomagnétique, ces deux carottes offrent une perspective sur 

l'histoire climatique et environnementale de la région pendant les deux derniers millénaires. 

La granulométrie démontre que le sédiment au site 680 est moins bien trié et de plus grande 

taille moyenne par rapport au site 690 (ce dernier étant le plus près de l'embouchure du 

fleuve Mackenzie). Ceci suggère que la sédimentation au site le plus distal subit l'influence 

du courant profond de Beaufort, ou qu'il y aurait possiblement une autre source de sédiment 

provenant de l'île de Herschel ou du fleuve Babbage. 

Finalement, des variations cycliques observées dans les données de la susceptibilité 

magnétique des deux carottes indiquent un possible contrôle climatique sur l'apport de 

sédiment. Le cycle le plus important se manifeste à la même échelle de temps que le cycle 

solaire de Suess de ;:::; 200 ans (Damon and Sonnett, 1991). Ce cycle pourrait avoir une 

influence sur les oscillations atmosphériques de l'Arctique et du nord de l'Atlantique et sur 

la formation des eaux profondes de l'Atlantique Nord (e.g., Haigh et aL, 1996; Shindell et 

aL , 2001; Bond et aL, 2001). La compréhension des processus solaires, atmosphériques et 
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océaniques est au cœur de la mIse en contexte des changements c limatiques qUI sont 

observés aujourd'hui et les enregistrements envi ronnementaux de l'Arctique fou rn issent de 

l'information de grande valeur à la compréhension de la dynamique de tels processus. 

Malgré son importance pour la compréhension du champ géomagnétique et des 

changements cl imatiques modernes, l'Arctique reste aujourd'hui une région insuffisamment 

étudi ée et sous-échantill onnée. Grâce à ce projet de maitri se, certaines réponses ont pu être 

apportées. Toutefois, il n'est pas encore possible de répondre à l'ensemble des questions 

préalablement présentées. Une meilleure évaluation de l'i nfluence spatiale du cylindre 

tangentiel et des lobes de flux aurait nécessite un plus grand nombre d'échantillons espacés 

spatialement. Du côté environnemental , des études plus détaill ées des courants marins, de 

la bathymétrie et de la séd imentation moderne dans la Fosse du Mackenzie seraient 

nécessaires pour vérifi er les sources secondaires de sédiments et les processus marins qui 

les contrôlent. Finalement, pour mieux comprendre le rôle joué par les oscillations 

atmosphériques dans les variat ions climatiques et environnementales actuelles en Arctique, 

une fois de plus, des enregistrements sédimentaires supplémentaires de haute résolution 

couvrant tout l'Holocène seraient essentiels. Néanmoins, les deux archives présentées dans 

ce mémoire offrent une perspective préliminaire de grande valeur sur quelques processus 

qui pourraient agir dans l'ouest de l'Arctique et confirment la capacité de la Fosse du 

Mackenzie à enregistrer et à bien préserver les variations géomagnétiques et climatiques 

avec une résolution tempore lle remarquable pour l'Arctique. 
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